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Os objetivos desta tese foram, no Capítulo1, avaliar os efeitos da remoção dos 
dispositivos ortodônticos (RDO) sobre o biofilme visível e sobre as propriedades da saliva 
considerando a atividade de cárie, e no Capítulo 2, investigar os efeitos do tratamento 
ortodôntico fixo sobre as concentrações salivares de fluoreto (F-), cálcio (Ca2+) e fosfato (Pi) 
antes e após colagem de dispositivos ortodônticos, e identificar a função desses eletrólitos no 
desenvolvimento da lesão de cárie ativa em indivíduos submetidos a tratamento ortodôntico 
fixo. Foram avaliados 22 indivíduos de 11 a 22 anos de idade. No capítulo 1, avaliou-se a 
presença de biofilme visível, cárie dentária, fluxo salivar, pH, capacidade tampão, frequência 
de exposição a açúcar, atividade da anidrase carbônica VI (AC VI) e atividade da alfa-amilase 
salivar (AAS), nos períodos baseline e 1, 5 e 13 semanas após a RDO. O índice de cárie foi 
determinado seguindo os critérios de diagnóstico de Nyvad. A atividade das enzimas AC VI e 
AAS foi determinada por zimografia e por ensaio de imunoabsorção enzimática, 
respectivamente. A porcentagem de indivíduos com biofilme visível diminuiu na 5ª (p=0,0156) 
e na 13ª semanas (p<0,01) após a RDO. O número de lesões de cárie inativa não cavitadas (LCI) 
aumentou na 5ª (p<0,05) e na 13ª semanas (p<0,01) após a RDO. O número de lesões de cárie 
ativa não cavitadas (LCA) diminuiu na 13ª semana após a RDO (p<0,05). Nenhuma alteração 
no número de superfícies sadias (p=1,0000) e superfícies restauradas (p=0,0784) foi 
encontrada. O pH da saliva aumentou na 5ª (p<0,05) e 13ª semanas (p<0,05) após a RDO. 
Nenhuma modificação no fluxo salivar (p=0,0700) e na capacidade tampão (p=0,5496) foi 
encontrada. A exposição a açúcar líquido diminuiu na 13ª semana após a RDO (p=0,0170). A 
exposição a açúcar sólido diminuiu na 5ª (p<0,01) e 13ª semanas (p<0,05) após a RDO. A 
exposição a açúcar total diminuiu na 5ª semana após a RDO (p<0,05). A atividade da AC VI 
não mostrou nenhuma modificação (p=0,6768). A atividade da AAS aumentou na 13ª semana 
após a RDO (p<0,01). Este estudo demonstrou que a presença de um biofilme menos visível e 
mudanças ocorridas nas propriedades da saliva como aumento do pH e aumento da atividade 
da AAS após RDO podem ter favorecido a remineralização das LCA observada na 13ª semana. 
No  Capítulo 2, investigou-se as concentrações de F-, Ca2+ e Pi nos períodos baseline e 1, 3 e 6 
meses após a colagem dos dispositivos ortodônticos. O índice de cárie foi determinado de 
acordo com os critérios de diagnóstico de Nyvad. As concentrações de Ca2+ foram menores 1 e 
3 meses após a colagem dos dispositivos, comparado com 6 meses (p<0,0083). As 
concentrações de F- e Pi não foram alteradas durante os períodos de acompanhamento. O 
modelo de Cox demonstrou que o aumento de 1 µg/mL de Ca2+ diminuiu o risco de 
desenvolvimento de LCA em 27%. Uma alta concentração de Ca2+ na saliva é um fator protetor 
para o desenvolvimento de cárie. 
 
Palavras-chave: alfa-Amilases. Anidrases Carbônicas. Aparelhos Ortodônticos. Cárie Dentária. 
























The aims of this thesis were, in Chapter 1, to evaluate the effects of removal of 
orthodontic appliances (ROA) on visible biofilm and on salivary properties considering caries 
activity, and in Chapter 2, to investigate the effects of fixed orthodontic treatment on salivary 
concentrations of fluoride (F-), calcium (Ca2+) and phosphate (Pi) before and after bonding of 
orthodontic appliances, and to identify the role of these electrolytes in the development of active 
caries lesion in individuals undergoing fixed orthodontic treatment. Twenty-two individuals 
aging 11 to 22 years old (14 ± 2.9) were assessed. In Chapter 1, the presence of visible biofilm, 
dental caries, salivary flow rate (SFR), pH, buffering capacity (BC), frequency of sugar 
exposure, carbonic anhydrase VI (CA VI) activity and salivary alpha-amylase (SAA) activity 
were evaluated at baseline, and 1, 5 and 13 weeks after ROA. Caries index was determined 
using the Nyvad criteria. Activity of enzymes CA VI and SAA were performed using 
zymography analysis and ELISA (Enzyme-Linked Immuno Sorbent Assay), respectively. The 
percentage of individuals with presence of visible biofilm decreased at 5 (p=0.0156) and at 13 
weeks (p<0.01) after ROA. The number of non-cavitated inactive caries lesions (ICL) increased 
at 5 (p<0.05) and at 13 weeks (p<0.01) after ROA. The number of non-cavitated active caries 
lesions (ACL) decreased at 13 weeks after ROA (p<0.05). No change in the number of sound 
surfaces (p=1.0000) and filled dental surfaces (p=0.0784) was found. Saliva pH increased at 5 
(p<0.05) and at 13 weeks after ROA (p<0.05). No modification in SFR (p=0.0700) and BC 
(p=0.5496) was found. Exposure to liquid sugar decreased at 13 weeks after ROA (p=0.0170). 
Exposure to solid sugar decreased at 5 (p<0.01) and at 13weeks (p<0.05) after ROA. Exposure 
to total sugar decreased at 5 weeks after ROA (p<0.05). The CA VI activity showed no 
modification (p=0.6768). SAA activity increased at 13 weeks after ROA (p<0.01). This study 
demonstrated that the presence of a less visible biofilm and changes occurring on salivary 
properties such as a higher pH and an increased activity of alpha amylase after removal of 
orthodontic appliances may have favored remineralization of active caries lesions. In Chapter 
2, the concentrations of F-, Ca2+ and Pi were investigated at baseline, and 1, 3 and 6 months 
after bonding of orthodontic appliances. Caries index was determined using the Nyvad criteria. 
The concentrations of Ca2+ were lower 1 and 3 months after bonding of appliances than after 6 
months (p<0.0083). Salivary concentrations of F- and Pi did not show any significant difference 
during the follow-up. The Cox model demonstrated that the increase of 1 µg/mL in Ca2+ 
decreased the risk of ACL development by 27%. A high concentration of Ca2+ in the saliva is a 
protective factor for ACL development. 
Keywords: alpha-Amylases. Bioinorganic Chemistry. Carbonic Anhydrases. Dental Caries. 
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1 INTRODUÇÃO                                       
A cárie dentária é uma doença multifatorial resultante do desequilíbrio dos processos de 
desmineralização e remineralização que ocorrem constantemente na superfície dentária (Pitts 
et al., 2017). Na presença de algum desafio cariogênico, as bactérias da cavidade bucal 
produzem ácidos que causam a queda do pH local (Featherstone, 2008). Quando essa queda é 
abaixo do pH crítico para o esmalte (Keyes e Jordan, 1963), a saliva torna-se subsaturada em 
relação à hidroxiapatita e ocorre perda mineral, na tentativa de saturar o meio bucal. Por outro 
lado, essa perda mineral pode ser revertida pela saliva e pelo fluido do biofilme que, 
normalmente, são supersaturados em relação ao mineral dentário e, dessa forma, ocorre a 
remineralização da superfície desmineralizada (Dawes, 2003). A primeira manifestação clínica 
dessa perda mineral é a lesão de mancha branca ativa, que ocorre na subsuperfície do esmalte 
(Featherstone, 2008). Na cavidade bucal, os íons cálcio (Ca2+) e fosfato (Pi ) são os responsáveis 
pela saturação da saliva (Tenovuo, 1997; Featherstone, 2004). Além desses eletrólitos, outro 
íon relevante no processo dinâmico da cárie é o fluoreto (F-) disponível na saliva, por ser 
adsorvido ao biofilme e contribuir para o processo de remineralização (Featherstone, 1999; 
Amaechi e van Loveren, 2013). No entanto, a maneira pela qual esses íons influenciam o 
desenvolvimento da LCA em indivíduos submetidos ao tratamento ortodôntico fixo não foi 
ainda investigada. Assim, torna-se importante explorar a influência das concentrações de F-, 
Ca2+ e Pi no desenvolvimento da lesão de cárie ativa em indivíduos submetidos a tratamento 
ortodôntico fixo.  
Indivíduos submetidos ao tratamento ortodôntico fixo são considerados de alto risco ao 
desenvolvimento de cárie (Ogaard et al., 1988; Ogaard e Ten Bosch, 1994). Durante o 
tratamento ortodôntico fixo, a incidência e a prevalência das lesões de mancha branca são de 
45,8% e 68,4%, respectivamente (Sundararaj et al., 2015). Os dispositivos ortodônticos não 
apenas dificultam a higiene bucal como favorecem a formação e acúmulo do biofilme (Ristic 
et al., 2007; Jing et al., 2019). Durante o tratamento ortodôntico, as lesões de cárie podem 
manifestar-se como uma mancha branca ativa ou desmineralizada, ou como a perda da 
integridade da superfície do esmalte e cavitação (Richter et al., 2011). Evidência recente do 
nosso grupo de pesquisa (Cardoso et al., 2017) demonstrou que o aparecimento das lesões de 
cárie ativa ocorre 3 meses após a adaptação dos dispositivos ortodônticos (ADO). Além disso, 
indivíduos submetidos a tratamento ortodôntico fixo são suscetíveis a alterações importantes 
na saliva que têm implicações no desenvolvimento das lesões de cárie, como diminuição da 
capacidade tampão após 3 meses da ADO (Peros et al., 2011; Cardoso et al., 2017), diminuição 
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da atividade da alfa-amilase após 6 meses da ADO (Cardoso et al., 2017), e diminuição do pH 
da saliva após 18 semanas da ADO (Arab et al., 2016). Esses achados evidenciam a relevância 
de uma contínua supervisão dos indivíduos que estão em tratamento ortodôntico, não apenas 
durante o tratamento, mas também após a remoção dos dispositivos ortodônticos. 
 Considerando que a cárie dentária é uma doença biofilme-açúcar-dependente (Sheiham 
e James, 2015), a exposição aos açúcares da dieta, especialmente à sacarose, pode contribuir 
para o desenvolvimento e progressão da cárie em pacientes submetidos a tratamento ortodôntico 
(Leeper et al., 2019). O biofilme formado na presença da sacarose apresenta uma matriz rica 
em polissacarídeos intracelulares, que aumenta proporcionalmente de acordo com a frequência 
diária de exposição ao açúcar (Díaz-Garrido et al., 2016). Assim, esse biofilme torna-se mais 
espesso e aderido (Edgar et al., 2010). Um biofilme espesso e coeso facilita o transporte de 
ácidos bacterianos e prejudica a troca iônica entre saliva e biofilme (Paes Leme et al., 2006), 
modulando o desenvolvimento da cárie. 
Nesse contexto, a saliva desempenha importantes funções no que se refere ao processo 
dinâmico da cárie, como o clearance, promovido pelo fluxo salivar e a capacidade tampão, que 
expressa a resistência às mudanças de pH do meio bucal. A capacidade tamponante da saliva 
ocorre principalmente pelos tampões bicarbonato e fosfato, sendo o tampão bicarbonato o 
principal sistema tampão da saliva estimulada, responsável por 70 a 90% da capacidade 
tamponante total da saliva (Bardow et al., 2000). A capacidade tampão baseia-se no equilíbrio 
da reação: CO2 + H2O ↔ H2CO3↔ HCO
3- + H+, catalisada pela enzima AC VI (Breton, 2001), 
que acelera a remoção de ácido (H+) do meio ambiente local e, dessa forma, aumenta a 
capacidade tampão da saliva (Parkkila et al., 1995; Kivelä et al., 1999). 
As anidrases carbônicas são metaloenzimas de zinco importantes para a homeostasia do 
pH de diversos tecidos e fluidos biológicos devido a catálise da hidratação reversível do dióxido 
de carbono na reação CO2 + H2O ↔ HCO
3- + H+ (Sly e Hu, 1995; Pastorekova et al., 2004; 
Supuran, 2008). Dentre as 16 isoenzimas encontradas em mamíferos, apenas a AC VI é 
secretada na saliva pelas células acinares serosas das glândulas parótidas e submandibulares 
(Parkkila et al., 1990). A secreção dessa isoenzima  segue o ritmo circadiano e apresenta 
considerável variação individual em concentração e atividade (Kivelä et al., 1997; Borghi et al., 
2017). Essa isoenzima pode ser incorporada na película adquirida e no biofilme para facilitar a 
neutralização ácida e atuar como reguladora de pH local (Leinonen et al., 1999; Kimoto et al., 
2006). Por isso, acredita-se que a AC VI possa auxiliar na prevenção da cárie, devido ao seu 
mecanismo catalisador. O único estudo que avaliou a atividade dessa isoenzima na saliva de 
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indivíduos em tratamento ortodôntico, encontrado na literatura, foi o estudo realizado por nosso 
grupo de pesquisa, cujos resultados demonstraram que não houve alteração na atividade da AC 
VI durante os períodos de acompanhamento (Cardoso et al., 2017). No entanto, nesse estudo, 
foi demonstrada  uma alta correlação positiva entre a atividade da AC VI e o fluxo salivar após 
3 meses da ADO em indivíduos que não desenvolveram cárie durante o tratamento. Além disso, 
nesses mesmos indivíduos, foi observada uma alta correlação negativa entre a atividade da AC 
VI e o pH da saliva 1 mês após a adaptação dos dispositivos ortodônticos. Dessa forma, a 
determinação da atividade da AC VI na saliva pode fornecer evidências adicionais da 
importância dessa isoenzima no processo dinâmico da cárie, considerando a atividade da 
doença após a remoção dos dispositivos ortodônticos. 
Outra enzima relevante para o processo dinâmico de cárie e que apresenta secreção 
muito semelhante à da AC VI é a alfa-amilase, a enzima mais abundante encontrada na saliva 
humana (Singh et al., 2015). Sua principal função é a digestão do amido (Scannapieco et al., 
1993), substrato fermentável para várias espécies bacterianas bucais, como os estreptococos 
mutans, os principais patógenos da cárie (Singh et al., 2015). Por estar presente também na 
película adquirida do esmalte, a amilase atua como um receptor com alta afinidade para as 
bactérias que participam da colonização inicial da superfície dentária. Assim, essa enzima pode 
favorecer a formação do biofilme, uma vez que fornece glicose adicional para os 
microrganismos, principalmente na presença de uma dieta cariogênica (Chaudhuri et al., 2007). 
Por outro lado, quando a amilase adere-se às bactérias, essa enzima pode proporcionar um efeito 
protetor contra a cárie, possibilitando a eliminação dessas bactérias por meio da depuração 
bacteriana da cavidade bucal (Scannapieco et al., 1993).  
No que diz respeito à atividade da alfa-amilase em indivíduos submetidos a tratamento 
ortodôntico fixo, nosso estudo (Cardoso et al., 2017) demonstrou uma redução de 57,6% na 
atividade dessa enzima 6 meses após a adaptação de dispositivos ortodônticos. Esse estudo 
observou também uma alta correlação positiva entre a atividade da alfa-amilase e a atividade 
da AC VI nos indivíduos que desenvolveram cárie durante o tratamento ortodôntico.. Esses 
achados sugerem que essa proteína encontrada na película adquirida e no biofilme pode ligar-
se as bactérias e à superfície dental, e favorecer o aumento do biofilme. Assim,  na presença de 
um desafio cariogênico, haverá produção de ácido e, como consequência, a lesão de mancha 
branca ativa. Por outro lado, Teixeira et al. (2012) não encontraram diferença significativa na 
atividade da alfa-amilase quando compararam indivíduos sob tratamento ortodôntico fixo com 
um grupo controle. No entanto, esses autores não forneceram nenhuma informação sobre o risco 
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à cárie dos indivíduos antes do início do estudo. Essas informações são muito relevantes, uma 
vez que indivíduos que demonstram experiência passada de cárie apresentam maior risco para 
o desenvolvimento de novas lesões (Petersson e Twetman, 2015). 
Diante das evidências expostas, é relevante investigar se a atividade das enzimas 
anidrase carbônica VI e alfa-amilase se altera após a remoção dos dispositivos ortodônticos e, 
se a remoção desses dispositivos teria alguma influência nas propriedades da saliva, biofilme 
visível e nos processos de desmineralização e remineralização. Ainda, considera-se importante 
avaliar se o tratamento ortodôntico fixo pode alterar a composição inorgânica da saliva e 
contribuir para o desenvolvimento da cárie. Essas informações seriam valiosas para orientar o 
monitoramento clínico desses indivíduos em intervalos apropriados, com base no risco à cárie. 
Dessa forma, os objetivos desta tese foram, no Capítulo 1, avaliar o efeito da remoção dos 
dispositivos ortodônticos na atividade das enzimas anidrase carbônica VI e alfa-amilase, no 
fluxo salivar, pH e na capacidade tampão, bem como no biofilme clinicamente visível, na 
exposição ao açúcar e na atividade de cárie, e no Capítulo 2, avaliar as concentrações salivares 
de F-, Ca2+ e Pi antes e após a adaptação dos dispositivos ortodônticos, e identificar a influência 

















2.1 Effects of orthodontic appliances removal on salivary parameters and on caries 
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Summary   
 
Background. Individuals submitted to orthodontic treatment are considered at high caries risk. 
Aim. To evaluate the effects of removal of orthodontic appliances (ROA) on visible biofilm 
and on salivary properties considering caries activity. Design. Twenty-two individuals (11 to 
22 years) were assessed regarding presence of visible biofilm, caries, salivary flow rate, pH and 
buffering capacity, sugar exposure, carbonic anhydrase VI activity and salivary alpha-amylase 
(SAA) activity at baseline, and 1, 5 and 13 weeks after ROA. Results. The percentage of 
individuals with visible biofilm decreased at 5 (p=0.0156) and 13 weeks (p<0.01) after ROA. 
The number of non-cavitated inactive caries lesions (ICL) increased at 5 (p<0.05) and 13 weeks 
(p<0.01) after ROA. The number of non-cavitated active caries lesions (ACL) decreased at 13 
weeks after ROA (p<0.05). Saliva pH increased at 5 (p<0.05) and 13 weeks (p<0.05) after 
ROA. Exposure to liquid sugar decreased at 13 weeks after ROA (p=0.0170). Exposure to solid 
sugar decreased at 5 (p<0.01) and 13 weeks (p<0.05) after ROA. Exposure to total sugar 
decreased at 5 weeks after ROA (p<0.05). SAA activity increased at 13 weeks after ROA 
(p<0.01). Conclusion. The presence of a less visible biofilm and changes occurring on salivary 
properties such as a higher pH and an increased activity of SAA after ROA may have favored 
the remineralization of ACL.  
 

















Saliva plays an important role in the dynamic caries process, which consists of 
alternating periods of tooth demineralization and remineralization (Pitts et al., 2017). Among 
its functions, the clearance promoted by salivary flow rate, and the buffering capacity are 
highlighted (Bardow et al., 2000). In the presence of a cariogenic challenge, the saliva becomes 
unsaturated with respect to hydroxyapatite, and a mineral loss occurs in an attempt to saturate 
the oral environment. The first clinical manifestation of this mineral loss is a white spot lesion 
in the subsurface of enamel (Featherstone, 2008). On the other hand, these non-cavitated caries 
lesions can be remineralized by saliva and biofilm fluid, which normally are supersaturated 
with respect to tooth mineral (Dawes, 2003). 
In this context, individuals submitted to fixed orthodontic treatment are considered at 
high caries risk (Ogaard and Ten Bosch, 1994) because orthodontic appliances turn oral hygiene 
more difficult favoring biofilm formation and accumulation (Ristic et al., 2007; Jing et al., 
2019). During the fixed orthodontic treatment, the incidence and prevalence of white spot 
lesions are 45.8% and 68.4%, respectively (Sundararaj et al., 2015). Interestingly, we recently 
demonstrated that the onset of the active white spot lesions occurred three months after the 
placement of orthodontic appliances (Cardoso et al., 2017). Furthermore, individuals 
undergoing fixed orthodontic treatment are susceptible to important changes in saliva that have 
implications on the development of active caries lesion (Peros et al., 2011; Arab et al., 2016; 
Cardoso et al., 2017). These findings highlight the relevance of continuous supervision that 
should be provided to individuals who are undergoing orthodontic treatment, not only during 
orthodontic treatment, but also after removal of orthodontic appliances. 
Another important aspect that contributes to the development and progression of caries 
in individuals undergoing orthodontic treatment is the exposure to dietary sugars (Leeper et al., 
2019). Considering that dental caries is a biofilm-sugar-dependent disease (Sheiham and James, 
2015), sucrose contributes to the formation of a biofilm matrix rich in extracellular 
polysaccharides, that proportionally increases, according to the daily frequency of sugar 
exposure (Díaz-Garrido et al., 2016), potentiating both biofilm adhesion and thickness (Edgar 
et al., 2010). A thick and cohesive biofilm facilitates the transport of bacterial acids and harms 
ion exchange between saliva and biofilm (Paes Leme et al., 2006), modulating the caries 
development.  
Regarding the saliva defense systems, the carbonic anhydrase VI (CA VI) is an 
isoenzyme that  acts on the reversible reaction of carbon dioxide: CO2 + H2O ↔ H
+ + HCO3- 
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(Pastorekova et al., 2004). It accelerates the acid removal (H+) from the local environment of 
the tooth surface, increasing the buffering capacity of saliva (Parkkila et al., 1995; Kivelä et al., 
1999). Moreover, it penetrates the biofilm, facilitating the acid neutralization and acting as a 
local pH regulator (Kimoto et al., 2006). Therefore, it is believed that CA VI could assist in the 
prevention of dental caries. In this way, it would be interesting to evaluate if activity of the CA 
VI enzyme increases, decreases or remains unaltered as caries remineralizes or progress after 
removal of orthodontic appliances. 
Another salivary enzyme relevant to the caries dynamic process is alpha-amylase, the 
most abundant enzyme found in human saliva (Singh et al., 2015). Its main function is the 
digestion of starch (Scannapieco et al., 1993), which is a fermentable substrate for several oral 
bacterial species, such as mutans streptococci, the main pathogen of dental caries (Singh et al., 
2015). Considering that this enzyme is present in the enamel pellicle, it may facilitate the 
adhesion of bacteria to the tooth surface, modulating bacterial colonization and favoring the 
biofilm formation, especially in the presence of a cariogenic diet (Chaudhuri et al., 2007). On 
the other hand, when amylase adheres to bacteria, it may provide a protective effect against 
caries as this mechanism enhances the clearance of these bacteria from the oral cavity 
(Scannapieco et al., 1993).  
Regarding the alpha-amylase activity in patients undergoing fixed orthodontic 
treatment, Cardoso et al. (2017) have found a 57.6% decrease in the activity of this protein after 
6 months of orthodontic appliances placement. Furthermore, these authors observed a high 
positive correlation between the activity of alpha-amylase and CA VI activity in individuals 
who developed active caries lesions during fixed orthodontic treatment. On the other hand, 
Teixeira et al. (2012) discovered no significant difference in the activity of alpha-amylase when 
individuals undergoing fixed orthodontic treatment were compared with a control group. 
However, these authors did not provide any information on the caries risk of individuals prior 
to their enrollment in the study. This information is highly relevant considering that subjects 
who show past caries experience are at a higher risk of developing caries in the near future 
(Petersson and Twetman, 2015).   
Considering that individuals who are undergoing fixed orthodontic treatment are more 
susceptible to development of ACL, it is relevant to investigate how this protein behaves after 
ROA. Furthermore, the influence that ROA would have on the saliva properties regarding caries 
remineralization would provide valuable information to guide clinical monitoring of these 
individuals at appropriated intervals based on their caries risk. In this way, the aim of this study 
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was to evaluate the effect of the removal of orthodontic appliances on buffering capacity, 
salivary flow rate, pH, and activity of enzymes CA VI and SAA, as well as the presence of 
visible biofilm, sugar exposure and dental caries in individuals after removal of orthodontic 
appliances.  
 
Material and methods 
 
Ethical considerations 
This study was approved by the Committee of Research Ethics of the Piracicaba Dental 
School/University of Campinas (CAAE: 37395514.1.0000.5418). The participants’s guardians 
younger than 18 years old and all other individuals signed an informed consent form. 
 
Study experimental design 
The evaluated variables were presence of visible biofilm, dental caries, salivary flow 
rate (SFR), pH and buffering capacity (BC), frequency of sugar exposure, activity of carbonic 
anhydrase VI and activity of salivary alpha-amylase. These analysis were performed in the 
following periods: immediately before removal of orthodontic appliances (baseline) and 1, 5, 
and 13 weeks after ROA (Figure 1), based on the study performed by Valiathan and Hughes 
(2010).  
 











ROA- removal of orthodontic appliances; SFR- salivary flow rate; BC- buffering capacity; CA VI- 
carbonic anhydrase VI; SAA- salivary alpha-amylase. 
Follow-up periods 
Participants 
11 to 22 years (n=22) 
Clinical variables 
Determination of 
SFR, pH and BC 
Immediately 
before ROA 
1 week  
after ROA 
Evaluation 
of dental caries 
Evaluation  
of sugar exposure 
Evaluation  
of visible biofilm 
Saliva collection 
Determination of 
CA VI activity 
Determination of 
SAA activity  
5 weeks 
after ROA 




Sample size calculation 
The sample size was estimated using the BioEstat 5.3 software (Mamirauá Institute, 
Belém, PA, Brazil), considering the means and standard deviations of the carbonic anhydrase 
VI activity in saliva of children with and without caries (Frasseto et al., 2012) since this enzyme 
was the one with the greatest variability in this study. The calculated number of individuals was 
22, adopting the group with the highest standard deviation (with caries lesions), the maximum 
error was estimated as 3% and 95% of significance level (α = 5%). 
Subjects  
Twenty-two individuals aging 11 to 22 years old (14 ± 2.9) participated in this study. 
These volunteers were recruited from a convenience sample from a research previously 
conducted by our research group (Cardoso et al., 2017), whose objective was to evaluate saliva 
properties and caries development during fixed orthodontic treatment. Near the end of 
orthodontic treatment, information regarding the manifestation of any systemic disease, use of 
antibiotic in the previous 3 months, drug therapy that could cause xerostomia, as well as 
smoking, and pregnancy were obtained. There was no sample loss because the participants did 
not present any of the mentioned conditions. At each follow-up appointment the individuals 
were provided with instructions on how to perform their oral hygiene and on how to correctly 
control biofilm. Volunteers were also advised on how to daily use fluoridated toothpaste at 
1.100 ppm of F. Individuals who remained with active caries lesions after orthodontic treatment 
were monitored and received oral prophylaxis, fluoride varnish applications, and oral hygiene 
instructions. 
 
Fixed orthodontic system 
The Portia self-ligating fixed orthodontic appliances system (Abzil, 3M, São José do 
Rio Preto, São Paulo, Brazil), with Roth prescription and straight wire of 0.022″ x 0.028″ slot 
was used in this study. The appliances were bonded to buccal surface of all teeth, in both arches, 
with Transbond XT adhesive (3M Unitek, Monrovia, CA, USA). The treatment was performed 
by the same orthodontist (AAC) and had 20 months duration. After the removal of orthodontic 
appliances with multilaminated drill 32 blades, 0.7 mm-thick steel lingual retainer was bonded 
for fixed retention, in the same clinical visit. The retainers were bonded to the lingual surface 





Visible biofilm evaluation 
The presence of visible biofilm was clinically evaluated using visual inspection of 
buccal surfaces of upper incisors, without a disclosing solution. This clinical variable was 
assigned with score 0 for the absence of visible biofilm and with score1 for presence of visible 
biofilm (Alaluusua and Malmivirta, 1994). 
 
Calibration of the examiner and caries assessment 
At first, calibration of the examiner was carried out by theoretical instructions, analysis 
of clinical images and training exercises. Following and prior to practical clinical examination, 
professional cleaning was performed for the mechanical biofilm removal. After 1 week of the 
first evaluation, 20% of the participants were re-examined. The intra-examiner agreement 
measured by Kappa calculation was 0.86. Dental caries diagnosis was performed by visual 
inspection method, according to Nyvad’s criteria (Nyvad et al., 1999), based on the extent and 
depth (intact surface, surface discontinuity in enamel or manifest cavity in dentin), as well as 
on the activity of caries lesions. Active and inactive lesions were distinguished on the basis of 
a combination of visual and tactile criteria. A ball-ended dental probe explorer was used to 
remove debris, to enhance visualization and to confirm questionable findings by checking loss 
of structure (cavitation) and surface texture (hard or rough/soft).  
 
Saliva collection 
Stimulated saliva samples were collected before the clinical appointment, in the 
morning, 2 hours after food intake or chewing of gum, between 9 and 10:30 a.m to avoid 
variations in the circadian rhythm. Participants were instructed to chew a piece of Parafilm® 
(Sigma Chemical Company, Saint Louis, MO, USA) and to spit the whole saliva in a Falcon® 
tube (BD Biosciences, CA, USA) for 5 min. Saliva samples already collected were kept under 
refrigeration (2 to 8°C) in an ice-containing cooler. Following, the samples were centrifuged at 
12.000 g for 10 minutes, stored in 1 mL microtubes, and frozen at - 80°C until biochemical 
analyses. 
 
Determination of salivary flow rate, pH and buffering capacity 
The SFR expressed as mL/min, was estimated dividing the saliva volume by the 
collection time. To measure the pH, one milliliter of saliva was placed into a microcentrifuge 
tube to determine its initial pH using the microelectrode Accumet® (Cole-Parmer International, 
Vernon Hills, IL, USA) coupled to a previously calibrated pH meter Orion® (Analyzer Model 
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420 A, USA). The buffering capacity was determined in 1.0 mL of saliva, to which increments 
of 10 μL of 0.25 M HCl were added. At each increment, the tube was shaken for 30 s using a 
vortex (Phoenix, AP 56) and the pH was determined. The BC was expressed in pH x mmol 
HCl, and calculated based on the following equation: BC=∆C/∆pH, where ∆C was the total 
amount of HCl used to decrease the initial pH to 4.0 and ∆pH was the change in salivary pH 
(Van Slyke, 1922).  
Evaluation of sugar exposure frequency 
Exposure to dietary sugar was evaluated in each phase of the study through a diet diary. 
Participants were asked to fill in this chart for three consecutive workdays, and specify the time 
of the day and type of food they ingested. Thereafter, the mean daily frequency of food intake 
containing sugar in both solid and liquid forms was calculated as well as the total frequency of 
sugar exposure. 
Determination of CA VI activity 
The CA VI activity was quantified using the zymography method (Kotwica et al., 2006). 
Briefly, after being thawed, 10 μL of each saliva sample was added to 10 μL of Tris buffer for 
zymography analysis. This solution was stirred and placed in a channel of acrylamide gel at 
30% and bisacrylamide at 0.8%, which remained for 1h:50min at 140 V and 4°C. After 
electrophoresis, the gel was stained with bromothymol blue 0.1% for 10 min. CA VI activity 
was observed after immersing the gel in distilled deionized water saturated with carbon dioxide 
(CO2). The gels were photographed, and the images were quantified using the Image J software 
(Collins, 2007), which calculated the luminescence in the area of the band and expressed CA 
VI activity in numerical values (pixels/area). 
Determination of alpha-amylase activity 
The SAA activity was quantified by Enzyme-Linked Immunosorbent Assay (ELISA) 
using Amylase Salimetrics Kit (State College, PA, USA) according to manufacturer 
instructions. Samples were thawed, shaken and centrifuged. A dilution of 1:200 was performed 
with the provided diluent. In each well of the reading plate, 8μl of controls (high and low) or 
samples were added and 320 μl of preheated (37°C) α-amylase substrate solution. The 
absorbance readings were performed at 405 nm using a spectrophotometer (Evolution 260, 
Thermo Scientific, USA) and values of amylase activity were automatically calculated by the 




The BioEstat 5.3 software (Mamirauá Institute, Belém, PA, Brazil) and VassarStats 
website for statistical computation were used to perform statistical analyzes. Orthodontic 
treatment time was considered as independent variable and the other variables were considered 
as dependent variables. Data normality was evaluated using the Shapiro–Wilk test. Buffering 
capacity, pH, non-cavitated inactive caries lesions and sound surfaces followed normal 
distribution and were analyzed using analysis of variance for repeated measures followed by 
Tukey test; salivary flow rate, CA VI activity, SAA activity,  solid and total sugar exposure 
followed normal distribution after data transformation (Square root) and were analyzed by 
analysis of variance for repeated measures followed by Tukey test; exposure to liquid sugar, 
non-cavitated active caries lesions and filled surfaces did not follow normal distribution and 
were analyzed using Friedman test followed by Wilcoxon test. The presence of visible biofilm 
was analyzed by Q de Cochran test and Mc Nemar test. In addition, correlations among BC, 
pH, SFR, CA VI activity, SAA activity, and solid and total sugar exposure were performed 
using the Pearson correlation analysis. Spearman correlation was used to investigate the 
relationship among liquid sugar and BC, pH, SFR, CA VI activity, SAA activity, and solid and 
total sugar exposure. All correlation analyses considered the following: 1- individuals who had 
ACL throughout the study; 2- individuals who had remineralized ACL throughout the study; 3- 




During the follow-up periods, significant decrease was found in the percentage of 
individuals with visible biofilm at 5 weeks after ROA when compared with baseline 
(p=0.0156); a decrease in this percentage was noted at 13 weeks after ROA compared with 




Figure 2 - Percentage of individuals with visible biofilm during the follow-up periods.  




Concerning the caries experience during the follow-up periods, a significant decrease 
was noticed in the number of ACL at 13 weeks after ROA when compared with baseline 
(p<0.05) and with 1 week after ROA (p<0.05); a significant increase was found in the number 
of ICL at 5 weeks after ROA as compared with baseline (p<0.05) and with 1 week after ROA 
(p<0.05); also, at 13 weeks after ROA compared with baseline (p<0.01), with 1 week after ROA 
(p<0.01) and with 5 weeks after ROA (p<0.01) (Figure 3). No differences were observed in the 
number of sound (p=1.0000) and filled surfaces (sound and inactive) (p=0.0784) in the follow-











































Figure 3 - Caries experience during the follow-up periods according to Nyvad's diagnostic criteria.  
 
Distinct letters indicate a statistically significant difference among follow-up periods by analysis of 
variance for repeated measures followed by Tukey test (◊), and Friedman test followed by Wilcoxon 
test (∆); (p<0.05). ◊ - Sound, and Inactive, non-cavitated; ∆ - Filled (sound and inactive), and Active, 
non-cavitated. 
 
Buffering capacity, pH and Salivary flow rate  
Data of Figures 4a and 4c show that BC and SFR remained unchanged during the 
follow-up periods (p=0.5494 and p=0.0700, respectively). In addition, saliva pH significantly 
increased at 5 and 13 weeks after ROA, when compared with baseline (p<0.05) and with 1 week 
after ROA (p<0.05) (Figure 4b). In individuals who had ACL throughout the study, the 
following correlations were found: a positive correlation between SFR and SAA activity at 
baseline (r=0.8263; p=0.0017); a negative correlation between BC and liquid sugar exposure at 
5 weeks after ROA (r=-0.6764; p=0.0222); and a positive correlation between BC and pH at 
baseline (r=0.6221; p=0.0409) and at 1 week after ROA (r=0.6900; p=0.0187) (Table 1). 
Besides, there was a negative correlation between pH and liquid sugar exposure at baseline (r=- 
0.8983; p=0.0060), and a negative correlation between pH and total sugar exposure at baseline 
(r=-0.7857; p=0.0362) in individuals who had remineralized ACL throughout the study (Table 
2). In individuals who had ICL throughout the study, a negative correlation between BC and 
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Table 1 - Pearson and Spearman correlation coefficients (r) and statistical significance (p) 
between variables analyzed in individuals who had ACL throughout the study. 
Variables Baseline 1 week after ROA 5 weeks after ROA 13 weeks after ROA 
 r p r p r p r p 
CA VI x solid sugar 0.2118 0.5318 0.5326 0.0916 0.6663 0.0251* 0.3853 0.2419 
CAVI x total sugar -0.1070 0.7543 0.4121 0.2078 0.6332 0.0364* 0.0899 0.7927 
CA VI x pH 0.0425 0.9012 -0.0256 0.9403 -0.6365 0.0352* -0.1177 0.7302 
SAA x CA VI  -0.2284 0.4993 0.5320 0.0920 0.7859 0.0041* 0.0077 0.9821 
SAA x SFR 0.8263 0.0017* 0.0681 0.8422 0.2193 0.5170 0.3172 0.3419 
BC x liquid sugar -0.2367 0.4835 -0.1659 0.6258 -0.6764 0.0222* -0.0653 0.8487 
BC x pH 0.6221 0.0409* 0.6900 0.0187* -0.5322 0.0919 -0.0418 0.9028 
*Indicates statistically significant difference (p<0.05). CA VI- carbonic anhydrase VI; SAA- 
salivary alpha-amylase; SFR- salivary flow rate; BC- buffering capacity. 
 
 
Table 2 - Pearson and Spearman correlation coefficients (r) and statistical significance (p) 
between variables analyzed in individuals who had remineralized ACL throughout the study. 
Variables Baseline 1 week after ROA 5 weeks after ROA 13 weeks after ROA 
 r p r p r p r p 
SAA x CA VI -0.1966 0.6726 0.7316 0.0616 0.7690 0.0432* 0.2338 0.6138 
pH x liquid sugar -0.8983 0.0060* 0.0755 0.8721 -0.2433 0.5991 0.2162 0.6414 
pH x total sugar -0.7857 0.0362* 0.2058 0.6579 -0.6701 0.0994 0.3493 0.4424 




Table 3 - Pearson correlation coefficients (r) and statistical significance (p) between variables 
analyzed in individuals who had ICL throughout the study. 
Variables Baseline 1 week after ROA 5 weeks after ROA 13 weeks after ROA 
 r p r p r p r p 
CA VI x solid sugar -0.1493 0.8507 0.9497 0.0503* 0.8995 0.1005 -0.5508 0.4491 
SAA x CAVI 0.9536 0.0464* 0.5965 0.4034 0.9529 0.0471* 0.9551 0.0448* 
BC x solid sugar 0.5222 0.4777 -0.9147 0.0853 -0.9698 0.0302* 0.8287 0.1712 
*Indicates statistically significant difference (p<0.05). CA VI- carbonic anhydrase VI; SAA- 




Figure 4 - Means of buffering capacity (a) and pH (b), and medians of salivary flow rate (c) during the 




















Asterisk (*) indicates statistically significant difference by analysis of variance for repeated measures 
followed by Tukey test (p<0.05). 
 
Frequency of sugar exposure  
Table 4 reveals the frequency of sugar exposure of individuals during the follow-up 
periods. It was detected that exposure to liquid sugar decreased at 13 weeks after ROA when 
compared with 1 week after ROA (p=0.0170). There was a significant decrease in the exposure 
to solid sugar at 5 weeks after ROA compared with baseline (p<0.01) and with 1 week after 
ROA (p<0.01), and a decrease at 13 weeks after ROA compared with baseline (p<0.05) and 
with 1 week after ROA (p<0.01). In respect to exposure to total sugar, a significant decrease 
was noticed at 5 weeks after ROA when compared with baseline (p<0.05) and with 1 week after 
ROA (p<0.01). In individuals who had ACL throughout the study, a positive correlation was 
observed between CA VI activity and solid sugar exposure at 5 weeks after ROA (r=0.6663; 
p=0.0251) (Table 1). With this same experimental condition, there was a positive correlation 
















































A positive correlation was found between CA VI activity and solid sugar exposure at 1 week 
after ROA (r=0.9497; p=0.0503) in individuals who had ICL throughout the study (Table 3).  
 
Table 4 – Medians and interquartile deviations of sugar exposure during the follow-up 
periods. 
Distinct letters indicate statistically significant difference among follow-up periods using 
analysis of variance for repeated measures followed by Tukey test (◊), and Friedman test 
followed by Wilcoxon test (∆); (p<0.05). 
 
Activity of carbonic anhydrase VI and activity of alpha-amylase 
No change was found with respect to CA VI activity during the follow-up periods 
(p=0.6768; Figure 5a). The sphericity of data was assumed, considering Mauchly’s Test of 
Sphericity (p=0.846), thus no correction of p values was needed when analysis of variance for 
repeated measures was applied.  A negative correlation was noted between CA VI activity and 
pH at 5 weeks after ROA (r=-0.6365; p=0.0352) in individuals who had ACL throughout the 
study (Table 1).  
Regarding amylase activity, a significant increase was observed at 13 weeks after ROA 
when compared with baseline (p<0.01) and with 1 week after ROA (p<0.01) (Fig 5b). There 
was a positive correlation between SAA activity and CA VI activity at 5 weeks after ROA 
(r=0.7859; p=0.0041) in individuals who had ACL throughout the study (Table 1). In the same 
way, a positive correlation between SAA activity and CA VI activity was found at 5 weeks after 
ROA (r=0.7690; p=0.0432) in individuals who had remineralized ACL throughout the study 
(Table 2). Furthermore, positive correlations were noticed between SAA activity and CA VI 
activity at baseline (r=0.9536; p=0.0464), at 5 weeks after ROA (r=0.9529; p=0.0471) and at 
13 weeks after ROA (r=0.9551; p=0.0448) in individuals who had ICL throughout the study 
(Table 3).  
 







Solid sugar ◊ 1.7 (1.2) a 1.9 (1.2) a 1.0 (1.0) b 1.2 (1.3) b p < 0.05 
Liquid sugar∆  1.7 (1.6) ab 1.7 (1.3) a 1.7 (0.7) ab 1.5 (1.8) b p = 0.0170 
Total sugar ◊ 3.4 (2.4) a 3.5 (1.9) a 2.7 (1.8) b 2.7 (1.9) ab p < 0.05 
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Figure 5 - Medians and interquartile deviations of CA VI activity (a) and SAA activity (b) during the 
follow-up periods.  
 
Asterisk (*) indicates statistically significant difference by analysis of variance for repeated measures 
followed by Tukey test (p<0.01). 
 
Discussion 
Changes occurring in saliva properties as well as a higher caries risk during orthodontic 
treatment have been reported by several previous studies (Peros et al., 2011; Teixeira et al., 
2012; Arab et al., 2016; Cardoso et al., 2017; Alshahrani et al., 2019). The early work, 
conducted by our research group (Cardoso et al., 2017) has demonstrated that the non-cavitated 
active caries lesions were firstly diagnosed after 3 months of the orthodontic appliances 
placement. In the current study, we investigated whether removal of orthodontic appliances 
would influence salivary properties, considering caries activity.  
The results of this study have shown a caries lesions activity variation after removal of 
orthodontic appliances. This change was probably a consequence of a simultaneous increase in 
the number of non-cavitated inactive caries lesions observed at 5 and 13 weeks after ROA and 
of a significant reduction in the number of non-cavitated active caries lesions noticed at 13 
weeks after ROA. Therefore, the non-cavitated active caries lesions were remineralized after 
13 weeks of removal of orthodontic appliances, which is in line with earlier studies (Ogaard et 
al., 1988; Willmot, 2004; Khoroushi and Kachuie, 2017). The remineralization effect noted 
after ROA can be explained considering modifications occurring in saliva pH and in the 
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percentage of individuals with visible biofilm during the follow-up periods. An increase in 
saliva pH at 5 and 13 weeks after ROA was noticed. This pH increase favors saliva saturation 
with respect to hydroxyapatite because, in a basic medium, the ion concentration required to 
maintain saliva saturation is lower than at low pH (Edgar et al., 2010). Furthermore, it is 
interesting to note that a less visible biofilm was also observed at 5 and 13 weeks after ROA. 
The presence of a less visible biofilm facilitates ions exchange between saliva and biofilm, 
favoring remineralization of caries lesions (Paes Leme et al., 2006). Although the velocity of 
saliva flow around the brackets system was not investigated in the present study, it has already 
been demonstrated that saliva flow along the bracket is decreased during orthodontic treatment 
(Zhu et al., 2013). Thus, it can be suggested that removal of orthodontic appliances may have 
facilitated biofilm control and the clearance effect of saliva, favoring the reduction of 
percentage of visible biofilm. These changes may have enabled remineralization of active caries 
lesions in current study, agreeing with the findings Kim et al. (2016), who observed that oral 
hygiene improved immediately after debonding when compared with during treatment. These 
authors have reported that removal of orthodontic appliances turns oral hygiene easier due to 
removal of retentive sites for biofilm accumulation. In the same way, Eroglu et al. (2019) 
noticed that oral hygiene improved regardless of the retainer type used after ROA, and  Jung et 
al. (2014) noticed an improvement in the oral hygiene 1 week after ROA. 
Apart from changes taking place in saliva pH and in visible biofilm, it is well known 
that caries is a biofilm-sugar-dependent disease (Sheiham and James, 2015). If individuals are 
not exposed to sucrose, saliva is supersaturated with respect to hydroxyapatite and 
remineralization of white spot lesions is favored. In line with this assumption, the decrease in 
liquid and solid sugar exposure during the follow-up periods may have contributed to 
remineralization of the active caries lesions found in this study. In addition, a negative 
correlation between BC and exposure to solid sugar at 5 weeks after ROA was observed in 
individuals who had ICL throughout the study. Furthermore, individuals who had remineralized 
ACL throughout the study showed a negative correlation between saliva pH and liquid and total 
sugar exposure at baseline. These findings point out the relevance of advising patients 
undergoing orthodontic treatment to reduce the frequency of sugar consumption during and 
after orthodontic treatment as well as to perform an effective biofilm control.  
The buffering capacity and salivary flow rate do not explain the modification in caries 
activity that occurred throughout the study since no change was noticed in the follow-up 
periods. In respect to the salivary flow rate, these results were expected because after the 
39 
 
placement of orthodontic appliances a temporary increase in salivary flow rate occurs due to 
the mechanical stimulation provided by orthodontic appliances. However, after the patient is 
used to the orthodontic appliances, the SFR returns to its initial rate (Chang et al., 1999; Peros 
et al., 2011; Cardoso et al., 2017). This SFR behavior may explain the absence of change in the 
BC since the bicarbonate concentration in saliva is highly increased when salivary flow rate 
increases (Dawes and Kubieniec, 2004). Our results agree with Turssi et al. (2015) who 
compared the kinetics of salivary pH in individuals undergoing orthodontic treatment with 
individuals of control group, after the intake of an acidic beverage. These authors have found 
no modification in SFR, pH, and BC when the two groups were compared. Despite the fact that 
salivary buffering capacity is a contributing element on enamel remineralization, its effect may 
be surpassed by several other factors that contribute to caries development such as oral hygiene 
practice, presence of cariogenic bacterial strains, frequency of sugar consumption, and exposure 
of oral environment to fluoride. 
Regarding the activity of carbonic anhydrase VI in saliva of the individual after ROA, 
results have indicated no change during the evaluated periods. It is known that, when pH drops 
in the oral cavity, salivary CA VI is activated in order to catalyze the reaction of CO2 + H2O ↔ 
H+ + HCO3- which, in turn, increases the HCO3- and acid neutralization in saliva. This 
bicarbonate increase is of great importance to favor its diffusion into the biofilm, which in 
consequence, increases biofilm pH (Kimoto et al., 2006). In the present study, reductions in the 
percentage of visible biofilm and in sugar exposure were observed, as well as an increase in 
saliva pH during the follow-up periods, evidencing a reduction of cariogenic episodes. Thus, 
the CA VI enzyme did not need to be activated in saliva. Another possible explanation for this 
result is that CA VI could be accumulated in the enamel pellicle and biofilm to work as a local 
pH regulator on the enamel surface (Leinonen et al., 1999; Kimoto et al., 2006), enhancing the 
acid buffering at the biofilm-enamel interface (Kivelä et al., 1999). In line with this assumption, 
the study performed by Picco et al. (2019) found a negative correlation between salivary CA 
VI activity in saliva and in dental biofilm. In the present study, we found a negative correlation 
between CA VI activity and pH at 5 weeks after ROA, in individuals who had ACL throughout 
the study. In the same follow-up period, we noticed a positive correlation between CA VI 
activity and total sugar exposure, and solid sugar exposure. Regarding individuals who had ICL 
throughout the study, we observed a positive correlation between CA VI activity and solid sugar 
exposure at 1 week after ROA. These findings suggest that carbonic anhydrase VI was more 
active in saliva of individuals exposed to cariogenic challenges, in order to contribute to the 
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neutralization of the acids in the oral environment and provide greater protection against dental 
caries.  
Another result of our study was that the amylase activity increased at 13 weeks after 
ROA. It is interesting to observe that the remineralization of ACL was noticed at the same 
follow-up period. In addition, there was a reduction in sugar consumption and in the presence 
of visible biofilm, as well as an increase in saliva pH in this period. In this regard, Scannapieco 
et al. (1993) argued that amylase can adhere to bacteria and provide a protective effect against 
caries as this mechanism enhances the clearance of these bacteria from the oral cavity. These 
findings suggest that reduction in sugar exposure occurring during the follow-up periods may 
have allowed the ICL to remain unchanged throughout the study.  
A positive correlation was found between SAA activity and SFR at baseline in 
individuals who had ACL throughout the study. Moreover, the same individuals presented a 
positive correlation between SAA activity and CA VI activity at 5 weeks. In line with these 
findings, in a previous study, we detected a positive correlation between CA VI activity and 
alpha-amylase activity after 6 months of the placement of orthodontic appliances in individuals 
who developed active caries lesions (Cardoso et al., 2017). One possible explication is that 
amylase binding to bacteria and teeth may have implications for caries formation as it may 
facilitate starch hydrolysis and favor acid production by microorganisms in close proximity to 
the tooth surface (Chaudhuri et al., 2007). This acid increase would activate CA VI in saliva to 
neutralize the media and to increase bicarbonate levels in the oral environment (Kimoto et al., 
2006).  
Among the limitations of this study, we did not perform microbiological analysis in the 
saliva of individuals. This analysis would provide further insight regarding the interaction 
between the reduction of sugar exposure by individuals undergoing orthodontic treatment and 
its effect on microbial count. In addition, it would be relevant to investigate how proteins such 
as amylase and CA VI would behave if mutans streptococci increased or decreased during the 
follow-up periods. Also, no biofilm analysis was performed, even though it is well known that 
CA VI isoenzyme enhances the acid buffering at the biofilm–enamel interface. As for the alpha-
amylase, this enzyme modulates the bacterial colonization providing additional glucose for the 
biofilm formation. In this way, investigation on how these proteins behave throughout the 
orthodontic treatment would bring further evidence on how their increase in biofilm can protect 
against dental caries. 
In conclusion, the results of this study have demonstrated that the presence of a less 
visible biofilm and changes occurring on salivary properties such as a higher pH and an 
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increased activity of alpha-amylase after removal of orthodontic appliances may have favored 
remineralization of active caries lesions. 
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2.2 A high salivary calcium concentration is a protective factor for caries development 
during orthodontic treatment 
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Objectives: This research aimed to evaluate the salivary concentrations of fluoride (F-), 
calcium (Ca2+), and phosphate (Pi) after brackets bonding, and to identify the role of [F-], [Ca2+], 
and [Pi] on the development of active caries lesion (ACL) in individuals under fixed orthodontic 
treatment. Study Design: A longitudinal investigation with twenty-two individuals from 11 to 
22 years of age was performed in four phases (baseline and after 1, 3, and 6 months). Analyses 
were carried out considering the salivary concentration of [F-], [Ca2+], and [Pi], as well as the 
caries index. Data were analyzed using the Friedman test, followed by the Wilcoxon test and 
the multivariate Cox model (p≤0.05). Results: 1 and 3 months after appliance bonding, the 
[Ca2+] was statistically lower than after 6 months (p<0.0083). On the other hand, salivary [F-] 
and [Pi] did not show any significant difference during the follow-up. The Cox model 
demonstrated that the increase of 1 µg/mL in Ca2+ decreased the risk of ACL development by 
27%. In conclusion, the levels of Ca2+ changed during orthodontic treatment. Conclusion: A 
high Ca2+ level in the saliva is a protective factor for ACL development over time.  
 







The biofilm accumulation, facilitated by increased areas of stagnation, renders 
individuals submitted to orthodontic treatment more susceptible to developing active caries 
lesion (1). Given this context, relevant modifications in the oral environment may enable the 
development of ACL, especially regarding saliva properties such as salivary flow rate and 
buffering capacity (2). Nevertheless, the influence of salivary electrolytes such as F-, Ca2+, and 
Pi on the development of ACL in individuals undergoing fixed orthodontic treatment must be 
explored. 
In the oral cavity, salivary electrolytes play a relevant role in individual protection 
against dental caries. These electrolytes maintain saliva supersaturated with respect to 
hydroxyapatite and provide a positive influence in repairing tooth enamel. From a biochemical 
point of view, there is strong evidence regarding the physicochemical properties of saliva and 
its anticaries effect (3). However, limited evidence from clinical studies supports the protective 
effect of naturally-occurring salivary electrolytes (4).   
Thus, this 6-month follow-up cohort study aimed [1] to evaluate the salivary 
concentrations of F-, Ca2+, and Pi before and after the placement of fixed orthodontic appliances, 
and [2] to identify the influence of F-, Ca2+, and Pi on the development of ACL in individuals 
under orthodontic treatment. 
 
Material and Methods 
Ethical Considerations 
This study was approved by a Research Ethics Committee of a Brazilian University 
under the protocol nº. 37395514.1.0000.5418. The guardians of participants under 18 years of 
age and all other individuals signed an informed consent form. 
 
Study Design and Sample  
An experimental prospective cohort blind study was performed on a sample of 23 
adolescents and young adults under fixed orthodontic treatment. Analyses were carried out in 
four distinct moments of collection: [1] One week before (baseline) the placement of 
orthodontic appliances, [2] 1 month after the placement of orthodontic appliances, [3] 3 months 
after the placement of orthodontic appliances, [4] 6 months after the placement of orthodontic 
appliances (Figure 1). 
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The research protocol considered the clinical assessment of dental caries (Nyvad index) 
and saliva collection. Detailed methodological aspects of this cohort and information regarding 
the appliances system have been published elsewhere (2).  
The sample size was estimated to test whether there is a difference in the mean of white 
spot lesions between individuals undergoing orthodontic treatment and those who were not 
submitted to it (baseline). The sample size calculation considered the two-sided hypothesis and 










Where, α was the probability of type I error (0.05), β was the probability of type II error 
(0.20), θ was the proportion of white spot lesion in exposed individuals (0.43) and  θ0 was the 
proportions of white spot lesion in unexposed (0.13) individuals. The reference values to white 
spot lesions were based on Lucchese and Gherlone (6). The calculated sample size was 22. The 
study began with 23 volunteers to compensate for possible losses. 
  The participants were recruited according to priority from a waiting list for orthodontic 
treatment at the Pediatric Dentistry Department of the Piracicaba Dental School, University of 
Campinas (Piracicaba, SP, Brazil). The inclusion criteria considered individuals of both sexes, 
aged from 11 to 22 years, with no primary teeth, with Angle Class I malocclusion, and absence 
of ACL, dental fluorosis, systemic diseases, dental hypoplasia, and severe dental crossing. The 
exclusion criteria were a history of antibiotic use in the 3 months prior to the beginning of the 
treatment, use of drugs that cause dry mouth for an extended amount of time, smoking, poor 
oral hygiene, periodontal disease, pregnancy, neuromotor disabilities, communication 
difficulties, and previous dental caries experience.  
During every research protocol, the individuals were submitted to a comprehensive 
caries prophylactic program on a monthly basis. This program consisted of instructions (verbal 
and visual) regarding mechanical biofilm control, professional prophylaxis and daily use of the 
same fluoride dentifrice with 1.100 ppm of F. Besides this, the volunteers have access to 0.71 
ppm of F in drinking water.  
 
Fixed Orthodontic Treatment  
For the orthodontic treatment, we used the Portia self-ligating fixed orthodontic 
appliances system (Abzil, 3M, São José do Rio Preto, SP, Brazil), with Roth prescription and 
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straight wire of 0.022″ x 0.028″ slot. The appliances were bonded using a light-cured Transbond 
XT adhesive (3M Unitek, Monrovia, California, USA), according to the manufacturer’s 
instructions. The brackets were applied to both arches on the buccal surface of incisors, canines, 
premolars and first permanent molars. The same orthodontist (first author) performed all 
treatment. 
 
Examiner Training and Dental Caries Assessment 
Before the beginning of the experiment, a training exercise regarding the clinical 
examination of caries lesions was carried out in two steps (theoretical and clinical).  
- Theoretical: Discussion of Nyvad index and analysis of clinical images.   
- Clinical: The examiner and a gold standard (a researcher calibrated to the Nyvad index) 
performed clinical evaluations in a sample of 20 adolescents who were not included in the main 
sample. The Inter-rater reliability was assessed by the kappa test (k= 0.89) and the intra-rater 
reliability was checked one week after the first exam in 20% of the adolescents.  
Clinical examinations were performed after the good reliability of training exercise. 
Individuals were examined at the dental office by a calibrated dentist (the first author), in a 
face-to-face position, using artificial light, a sterilized mouth mirror, and a WHO probe. A ball-
ended dental probe explorer was used to remove debris and to enhance visualization and to 
confirm questionable findings, checking loss of structure (cavitation) and surface texture (hard 
or rough/soft). Dental caries diagnosis was carried out according to Nyvad’s caries detection 
criteria, after the dental prophylaxis (7). This method consists of visual and tactile inspection 
of caries lesions, considering activity (active or inactive), extent and depth (intact, microcavities 
or cavitated surfaces) of the lesions, including all stages of the disease from white spot lesion 
to cavitation of dental surface. During the examination of each child, personal protective 
equipment as well as sterilized and individual clinical material was used. 
 
Saliva collection 
For significant expression of electrolytes, stimulated saliva samples were collected in 
the morning, between 9:00 and 10:30 hours to avoid variations in the circadian rhythm, at least 
1 hour after feeding. Participants were instructed to chew a piece of Parafilm® (Sigma 
Chemical Company, Chicago, Illinois, USA) and deposit the saliva in a Falcon® tube (BD 
Biosciences, Bedford, Massachusetts, USA) for 5 minutes (Flow rate in baseline = 0.97 (0.50) 
mL/min, 1 month after orthodontic appliances placement = 1.17 (0.59) mL/min, 3 month after 
orthodontic appliances placement = 1.10 (0.53) mL/min, 6 month after orthodontic appliances 
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placement = 1.06 (0.50) mL/min, ANOVA test with p-value = 0.66). Saliva samples were kept 
under refrigeration (2 to 8 ° C) in an ice container. The samples were centrifuged at 16097.2 g 
for 15 minutes and then stored at -40 °C until analysis. 
 
Assessment of Saliva Inorganic Composition 
Calcium and inorganic phosphate concentrations in saliva were analyzed by Inductively 
Coupled Plasma Optical Emission Spectrometry (ICP OES) (ICap 7400, Duo, Thermo 
Scientific). Fluoride concentration in centrifuged saliva samples was measured by the direct 
method, using an ion-selective electrode (8). The values obtained were expressed in µg/mL. 
Analyses were performed in duplicate.  
 
Statistical analysis 
Statistical analysis was performed using SPSS software, version 21.0 (SPSS, Inc., 
Chicago, IL, USA). The dependent variables were F-, Ca2+, and Pi concentrations in saliva. The 
independent variable was the time of orthodontic treatment follow-up. Data were analyzed by 
the Friedman test, followed by the Wilcoxon test after non-Gaussian distribution. The level of 
significance established was 0.0083 for the two-tailed hypothesis, considering the Bonferroni 
adjustment of p-value to control the family-wise error rate. Multivariate Cox regression was 
carried out to determine the effect of risk factors (covariates: salivary F-, Ca2+, and Pi) on ACL 
development. The Enter Method was employed to test covariates considering a p-value lower 
than 0.05.  
 
Results 
At baseline, the caries experience of volunteers was 4.0 of restored surfaces 
(Interquartile Range: 8.0) without caries activity. One volunteer dropped out of the study, so 
the final sample size was 22. The mean (standard deviation) age was 14 (2.9). The sex ratio was 
0.83 male: 1.00 female volunteers. During the follow-up, it was observed that 59% of the 
sample (n=13) develop white spot lesions around the brackets after 3 months (40 dental 
surfaces) and 6 months (55 dental surfaces) from fixed orthodontic appliance placement. No 
cavity was identified in the follow-up period – Table 1. 
Table 2 shows that the Ca2+ concentrations 1 and 3 months after the beginning of the 
orthodontic treatment were statistically lower than after 6 months (p<0.0083). However, when 
the Ca2+ concentration was compared with the baseline values, no statistical difference at 1, 3, 
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and 6 months could be evidenced (p>0.0083).  Regarding salivary concentrations of F- and Pi, 
no significant change was demonstrated (p>0.05). 
The Cox model demonstrated that an increase of 1 unit (µg/mL) of Ca2+ decreased the 
risk of ACL development by 27%. – Table 3. 
 
Discussion 
In the oral cavity, calcium and phosphate ions are responsible for saliva supersaturation, 
cooperating to inhibit demineralization and enhance remineralization (9, 10). Thus, salivary 
calcium and phosphate form a natural defense mechanism against dental caries (3, 11). 
However, in the presence of a constant cariogenic challenge, it is possible that the frequent pH 
falls disrupt the equilibrium of these ions on the enamel surface (12, 13). Regarding the 
relevance of these salivary ions on the dental caries development during the orthodontic 
treatment, our data demonstrated that the calcium concentration was lower after 1 and 3 months, 
whereas inorganic phosphate concentration did not change during the follow-up period.  
It is interesting to note that, as previously demonstrated by our group, the first clinical 
evidence of ACL was seen 3 months after the placement of orthodontic appliances (2). In line 
with these findings, this investigation pointed out that the deficiency in calcium concentration 
can be considered a risk factor (HR of 0.73) associated with ACL development in individuals 
submitted to orthodontic treatment. Thus, the results of this study emphasize a possible effect 
of the concentration of calcium ions on ACL development and its predictive value for caries 
activity in individuals under orthodontic treatment. In this context, it is hypothesized that the 
decrease in calcium concentration in saliva during the follow-up (1 and 3 months) may be a 
consequence of the demineralization and remineralization dynamic that is more pronounced in 
individuals at high risk of dental caries development and with frequent pH fluctuations during 
the day (14). More importantly, considering that the ion activity product (IAP) for 
hydroxyapatite is a function of the calcium concentration potentiated by 5 (IAP= (Ca2+)5 x 
(PO4
3-)3 x OH-) it is possible that a decrease in  the calcium concentration may provide a deeper 
effect on the degree of saliva saturation in respect to hydroxyapatite and an increase in the 
critical pH for enamel dissolution, which would turn the enamel surface more susceptible to 
dental caries (4). In addition, there is also a possibility that salivary calcium may be complexed 
by acids, mainly lactate (15), reducing the saturation of saliva and increasing the driving force 
for demineralization, and consequently, the likelihood for the development of ACL. 
In regards to fluoride salivary levels, although concentration increased during 
orthodontic treatment, no significant differences from baseline values were found. This can be 
Recrutamento Eleitos para avaliação (n=114) 
Excluídos (n=91) 
• Não atenderam aos critérios de inclusão (n=64) 
• Recusaram-se a participar (n=16) 
• Não realizaram a documentação ortodôntica 
(n=11) 
Alocação Alocados para intervenção (n=23) 
• Receberam tratamento ortodôntico completo 
(n=23) 
Acompanhamento Perdido durante o acompanhamento (n=1)  
       (mudou-se de cidade)  
Análise Analisados (n=22) 
• Excluídos da análise (n=0) 
Fig 2. Fluxograma  
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considered a paradox, mainly because the salivary concentration of fluoride did not change 
enough to explain the development of ACL. It is well-known that available fluoride in saliva 
can be taken up into dental plaque, thus enhancing the process of teeth remineralization (16, 
17). However, our finding suggests that the severe cariogenic challenge around orthodontic 
appliances appears to require more fluoride than that delivered by the low fluoride 
concentrations in water and by the 1.100-ppm fluoride dentifrice. In fact, it is evidenced that 
the use of professional methods of topical fluoride overcomes the preventive effects of the 
single-use of self-administrated (fluoride toothpaste) method in patients wearing orthodontic 
appliances; however, the level of evidence regarding the fluoride professional therapies against 
ACL is low (18). With this in mind, it must be pointed out that the diffusion and dissolution 
processes of this salivary ion on the tooth-pellicle-biofilm-saliva interface in individuals who 
do and do not develop ACL should be investigated in detail according to the fluoride therapy.  
The results of this investigation have clinical implications because they provide a 
broader comprehension concerning the behavior of salivary electrolytes over time in a sample 
of individuals under fixed orthodontic treatment. Besides this, this research highlights the 
placement of fixed orthodontic appliances as a high-risk situation for ACL development, as 
well as the limited effectiveness of the preventive effect of mechanical biofilm removal and 
daily use of fluoride dentifrice at 1.100 ppm and fluoridated water.  However, to extrapolate 
these findings, more clinical studies are needed to determine the exact importance of salivary 
ions such as F-, Ca2+, and Pi on the physicochemical properties of saliva and, consequently, 
their influence on the development of ACL in individuals undergoing orthodontic treatment.  
 
Conclusions 
[1]. Ca2+ levels changed during orthodontic treatment. These changes were more 
pronounced when the salivary Ca2+ composition at 6 months was compared with those 
at 1 and 3 months after the placement of orthodontic appliances. Conversely, no change 
could be noted regarding the salivary concentrations of F- and Pi.  
[2]. The increasing of 1 µg/mL in Ca2+ decreased the risk of ACL development by 27%. 
Thus, an increased salivary concentration of Ca2+ may be considered a protective factor 
for ACL development over time in individuals undergoing orthodontic treatment.  
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 Baseline 1 Month 3 Months 6 Months 
Sound 19.82 18.09 17.23 16.27 
Active, non-cavitated 0.00 0.00 1.82 2.50 
Active, cavitated 0.00 0.00 0.00 0.05 
Inactive, non-cavitated 5.00 6.64 5.95 6.05 
Inactive, cavitated 0.00 0.00 0.00 0.00 
Filled (sound and inactive) 3.23 3.23 3.09 3.00 
Filled (active) 0.00 0.00 0.09 0.23 
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Table 2. Medians and interquartile ranges of F-, Ca2+, and Pi concentrations in saliva at 
baseline and after the beginning of orthodontic treatment. 
*p-value of Friedman test was significant and Kendall’s W test was equal to 0.29; n=22. Different letters indicate 
statistically significant differences among groups by Wilcoxon test after Bonferroni adjustment (p-value has to be 




















 Baseline 1 Month 3 Months 6 Months p value 
F- (µg/mL)  0.012 a (0.0106) 0.022 a (0.022) 0.018 a (0.012) 0.018 a (0.037) 0.59 
Ca2+ (µg/mL)   50.30 a,b (11.70) 43.80 b (15.70) 39.00 b (26.50) 55.00 a (14.60) 0.00* 
Pi (µg/mL)  109.41a (57.80) 108.81 a (53.53) 112.99 a (48.56) 124.53 a (58.59) 0.58 
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Table 3. Cox’s regression of risk factors for the development of active caries lesions. 
 HR 95% CI for HR p 
F- 0.99 0.98 – 1.02 0.90 
Ca2+ 0.73 0.54 – 0.98 0.04 
Pi 0.99 0.98 – 1.00 0.31 
HR: Hazard ratio; Interpretation: HR corresponds to the risk of suffering from active caries lesion per one unit of 
time (month), considering an increase of one unit of the predictor variable. For interpretability, we compute hazard 
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Figure 1.  
  
 








A saliva é uma mistura complexa de fluidos que desempenha importantes funções na 
cavidade bucal (Pitts et al., 2017). No que refere-se à proteção contra a cárie, destacam-se a 
depuração salivar, processo pelo qual a saliva dilui e elimina substâncias alimentares como 
açúcares e ácidos da cavidade bucal por meio do fluxo salivar (Edgar, et al., 2010), e a 
capacidade tampão, que é uma medida quantitativa de resistência às mudanças de pH, 
mantendo-o em níveis aceitáveis e constantes, devido principalmente aos tampões bicarbonato 
e fosfato (Bardow et al., 2000). Foram investigadas nesta tese, propriedades da saliva, bem 
como outros fatores que influem na dinâmica do processo da cárie após adaptação e remoção 
de dispositivos ortodônticos em indivíduos submetidos a tratamento ortodôntico fixo. 
Foram investigados, no Capítulo 1, além da capacidade tampão, do fluxo salivar e pH 
da saliva, duas enzimas que estão envolvidas no processo dinâmico da cárie - a anidrase 
carbônica VI, importante para homeostasia do pH, e a alfa-amilase, que pode tanto favorecer a 
adesão de bactérias às superfícies dentárias, mas também ligar-se a elas e proporcionar um 
efeito protetor ao eliminá-las da cavidade bucal. Além desses parâmetros, considerou-se 
importante avaliar a frequência de exposição ao açúcar e a presença de biofilme visível, fatores 
determinantes para o desenvolvimento da cárie. Essas variáveis foram avaliadas considerando 
a atividade de cárie de indivíduos após a remoção de dispositivos ortodônticos, por um período 
de acompanhamento de 13 semanas. Demonstrou-se, pelos resultados encontrados, 
remineralização de lesões de cárie ativa, presença de um biofilme menos visível, aumento do 
pH da saliva e aumento da atividade da alfa-amilase. 
Dentre as propriedades físico-químicas da saliva, os níveis de cálcio e fosfato são 
importantes para a manutenção da saturação da saliva em relação à hidroxiapatita (Tenovuo, 
1997; Featherstone, 2004). No Capítulo 2, foram determinadas as concentrações desses 
eletrólitos na saliva de indivíduos antes e após a adaptação de dispositivos ortodônticos, bem 
como a concentração de fluoreto, íon também importante por contribuir para a remineralização 
da superfície dentária (Featherstone, 1999). Observou-se que os níveis de cálcio foram alterados 
durante o tratamento ortodôntico fixo. 
É bem evidente na literatura que indivíduos submetidos a tratamento ortodôntico fixo 
apresentam um maior risco à cárie e são suscetíveis a importantes alterações na saliva que têm 
implicações no desenvolvimento da lesão de cárie (Peros et al., 2011; Arab et al., 2016; Cardoso 
et al., 2017; Alshahrani et al., 2019). Nós observamos, em estudo prévio, que a lesão de cárie 
ativa não cavitada pode ser inicialmente diagnosticada 3 meses após a adaptação dos 
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dispositivos ortodônticos (Cardoso et al., 2017). Os achados desses estudos e os resultados 
encontrados nesta tese destacam a importância de contínua supervisão dos indivíduos 
submetidos a tratamento ortodôntico, não apenas durante, mas também após o tratamento. 
No Capítulo 1, a remineralização das lesões de cárie ativa não cavitadas observada após 
a remoção dos dispositivos ortodônticos pode ter sido favorecida pelas modificações ocorridas 
no pH da saliva e no biofilme visível. O aumento do pH favorece a saturação da saliva em 
relação à hidroxiapatita, visto que, em meio básico, a concentração de íons necessária para 
manter a saturação da saliva é menor do que em pH baixo (Edgar et al., 2010). Da mesma forma, 
a presença de um biofilme menos visível favorece a remineralização da superfície dentária, pois 
facilita a troca iônica entre saliva e biofilme (Paes Leme et al., 2006). Outro dado importante 
relatado na literatura diz respeito à melhora da higiene bucal após remoção de dispositivos 
ortodônticos (Jung et al., 2014; Kim et al., 2016; Eroglu et al., 2019). Apesar de não ter sido 
avaliada a higiene bucal dos indivíduos neste estudo, apenas a presença de biofilme visível, é 
possível perceber que houve melhor controle do biofilme após a remoção dos dispositivos 
ortodônticos. Outro parâmetro não avaliado no presente trabalho foi a velocidade do fluxo da 
saliva ao redor do sistema de bráquetes. Já foi demonstrado que o fluxo de saliva ao redor do 
bráquete diminui durante o tratamento ortodôntico (Zhu et al., 2013). Assim, a remoção dos 
dispositivos ortodônticos pode ter facilitado o controle do biofilme e melhorado o efeito de 
depuração da saliva.  
Outro fator que pode ter contribuído para a remineralização das lesões de cárie foi a 
diminuição da exposição ao açúcar pelos indivíduos deste estudo durante os períodos de 
acompanhamento. Além disso, foi observada uma correlação negativa entre a capacidade 
tampão e a exposição ao açúcar nas formas líquida e sólida. Por ser uma doença biofilme-
açúcar-dependente, o biofilme formado na presença da sacarose apresenta maior potencial 
cariogênico (Sheiham e James, 2015). Assim, o aconselhamento dos indivíduos submetidos a 
tratamento ortodôntico fixo quanto à redução da frequência do consumo de açúcar e ao controle 
efetivo do biofilme não apenas durante, mas também após o tratamento ortodôntico, torna-se 
altamente relevante. 
Com relação ao fluxo salivar e à capacidade tampão, avaliados também no Capítulo 1, 
nenhuma alteração foi encontrada nos períodos de acompanhamento, e os resultados foram 
esperados. Estudos prévios demonstraram que ocorre um aumento temporário do fluxo salivar 
após a adaptação do aparelho ortodôntico fixo devido à estimulação mecânica fornecida pelos 
dispositivos ortodônticos. No entanto, após esse período, o fluxo salivar retorna aos seus valores 
63 
 
iniciais (Chang et al., 1999; Peros et al., 2011). Nosso grupo de estudos avaliou o fluxo salivar 
antes e após a adaptação do aparelho ortodôntico, e encontrou aumento do fluxo salivar 1 mês 
após a adaptação dos dispositivos ortodônticos, corroborando com esses achados da literatura 
(Cardoso et al., 2017). Dessa forma, a ausência de alteração da capacidade tampão também se 
justifica, uma vez que a concentração de bicarbonato na saliva aumenta muito quando a taxa de 
fluxo salivar aumenta (Dawes e Kubieniec, 2004). Outro estudo da literatura que concorda com 
os resultados apresentados nesta tese é o trabalho de Turssi et al. (2015) que comparou a cinética 
do pH salivar em indivíduos submetidos a tratamento ortodôntico com indivíduos do grupo 
controle, após a ingestão de uma bebida ácida. Esses autores não encontraram modificação do 
fluxo da saliva, pH e da capacidade tampão quando os dois grupos foram comparados. 
Considerando que a capacidade tampão é importante para o tamponamento do pH, esperava-se 
um aumento desse parâmetro no presente estudo, uma vez que as lesões de cárie ativa não 
cavitadas foram remineralizadas. Porém, seu efeito pode ser superado por vários outros fatores 
que contribuem para o desenvolvimento da cárie, como práticas de higiene bucal, presença de 
bactérias cariogênicas, frequência de exposição ao açúcar e ao fluoreto. 
Ainda no Capítulo 1, avaliou-se a atividade da anidrase carbônica VI, uma enzima 
importante para a homeostase do meio bucal. Por colaborar com a capacidade tamponante da 
saliva, esperava-se encontrar aumento de sua atividade após remoção dos dispositivos 
ortodônticos, no entanto, nenhuma alteração foi observada nos períodos de acompanhamento 
deste estudo. Da mesma forma, nenhuma modificação foi encontrada quando avaliamos, em 
estudo anterior a este, a atividade da enzima na saliva de indivíduos submetidos a tratamento 
ortodôntico fixo, antes e durante o tratamento ortodôntico (Cardoso et al., 2017). No entanto, 
notamos correlações significativas que podem ajudar a compreender qual a contribuição da 
enzima no processo dinâmico da cárie - correlação positiva entre a atividade da AC VI e o fluxo 
salivar 3 meses após a ADO em indivíduos que não desenvolveram cárie durante o tratamento, 
e correlação negativa entre a atividade da enzima e o pH da saliva 1 mês após a ADO nos 
mesmos indivíduos. Esse foi o único estudo presente na literatura que avaliou a atividade da 
AC VI em indivíduos submetidos a tratamento ortodôntico fixo. Com relação à atividade dessa 
enzima após tratamento ortodôntico, nenhum relato foi encontrado. Esse comportamento da 
enzima, demonstrado tanto pelo estudo citado como pelos resultados desta tese, pode ser 
explicado se considerarmos que ela participa da neutralização ácida da saliva quando ocorre 
queda do pH bucal, na tentativa de tamponar o meio. No presente trabalho, houve aumento do 
pH e diminuição do biofilme visível e da exposição ao açúcar, evidenciando uma redução dos 
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episódios cariogênicos. Dessa forma, não houve necessidade de ativação da enzima na saliva. 
A correlação negativa encontrada entre a atividade da AC VI e o pH, e a correlação positiva 
entre a atividade da enzima e a frequência de exposição ao açúcar, observadas neste Capítulo, 
sugerem que a anidrase carbônica VI seja mais ativa na saliva de indivíduos expostos a desafios 
cariogênicos, a fim de contribuir para a neutralização ácida e proporcionar maior proteção 
contra a cárie dentária. Outra possível explicação para esse resultado é que a AC VI poderia 
estar acumulada na película do esmalte e no biofilme para atuar como um regulador de pH local 
(Leinonen et al., 1999; Kimoto et al., 2006). Picco et al. (2019) encontraram uma correlação 
que corrobora essa informação. Esses autores observaram uma correlação negativa entre a 
atividade da AC VI na saliva e a atividade da AC VI no biofilme. Uma das limitações do 
Capítulo 1 foi não ter determinado a atividade da enzima no biofilme, uma vez que ela aumenta 
a neutralização ácida na interface esmalte-biofilme. 
Com relação à alfa-amilase, enzima importante para o processo da cárie, avaliada 
também neste Capítulo 1, pesquisas anteriores investigaram a relação entre a atividade da 
enzima e a cárie. Foi encontrada uma correlação negativa significativa entre a cárie e a atividade 
da alfa-amilase salivar em crianças de 24 a 48 meses (Borghi et al., 2017). Esses autores também 
observaram que uma atividade de alfa-amilase salivar inferior a 122,8 U/mL aumentou em 3,33 
vezes o risco de crianças em idade pré-escolar desenvolverem cárie na primeira infância do que 
crianças em idade pré-escolar que apresentavam maior atividade dessa enzima. Por outro lado, 
de Farias e Bezerra (2003) não observaram diferença significativa na atividade da alfa-amilase 
na saliva de crianças de 12 a 47 meses com cárie na primeira infância em comparação com 
crianças sem cárie. Além disso, uma maior concentração de AAS foi observada em crianças de 
4 a 8 anos com cárie (Singh et al., 2015). No entanto, esses autores determinaram apenas a 
concentração dessa proteína e não sua atividade. Esse aspecto é considerável, visto que o fato 
de uma enzima estar concentrada, não necessariamente significa que ela está ativa no meio. 
A relação entre a atividade da alfa-amilase e tratamento ortodôntico fixo foi estudada 
anteriormente por nosso grupo de estudos (Cardoso et al., 2017). Nós encontramos uma redução 
de 57,6% na atividade dessa enzima 6 meses após a adaptação dos dispositivos ortodônticos, 
nos indivíduos que desenvolveram cárie. Além disso, observamos uma alta correlação positiva 
entre a atividade da alfa-amilase e a atividade da CA VI em indivíduos que desenvolveram 
lesões de cárie ativa durante o tratamento ortodôntico. Por outro lado, Teixeira et al. (2012) não 
encontraram diferença significativa na atividade da alfa-amilase quando indivíduos submetidos 
a tratamento ortodôntico fixo foram comparados com um grupo controle. No entanto, esses 
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autores não forneceram nenhuma informação sobre o risco à cárie de indivíduos antes de sua 
participação no estudo. Essa informação é altamente relevante, considerando que indivíduos 
que demonstram experiência passada de cárie apresentam um risco maior de desenvolver cárie 
em um futuro próximo (Petersson e Twetman, 2015).  
Neste estudo, houve um aumento da atividade da alfa-amilase 13 semanas após a 
remoção dos dispositivos ortodônticos, período em que a remineralização das lesões de cárie 
foi evidenciada. Considerando que essa enzima, ao aderir-se a bactérias, também pode 
proporcionar um efeito benéfico, por meio do clearance (Scannapieco et al., 1993), é possível 
inferir que a amilase desempenhou o efeito protetor contra a cárie nos indivíduos deste estudo, 
uma vez que também foi evidenciada uma diminuição do biofilme visível nos indivíduos deste 
estudo. Além disso, foram notados aumento do pH e redução do consumo de açúcar, no mesmo 
período de acompanhamento. As correlações positivas encontradas entre a atividade da AAS e 
a atividade da AC VI podem ser explicadas considerando que a amilase facilita a hidrólise do 
amido e favorece a produção ácida por microrganismos aderidos à superfície dentária 
(Chaudhuri et al., 2007). Esse meio ácido ativaria a AC VI para neutralizar o pH bucal (Kimoto 
et al., 2006). Outra limitação deste Capítulo 1 foi não ter realizado a análise microbiológica da 
saliva. Essa análise forneceria informações adicionais sobre a interação entre a redução da 
exposição ao açúcar pelos indivíduos após remoção dos dispositivos ortodônticos e seu efeito 
na contagem microbiana. Além disso, seria relevante investigar como proteínas como alfa-
amilase e AC VI se comportariam se a contagem de estreptococos mutans aumentasse ou 
diminuísse durante os períodos de acompanhamento.  
A atividade de cárie também foi avaliada no Capítulo 2, no entanto, investigou-se a 
relação entre a cárie e a concentração de eletrólitos salivares importantes para o processo de 
dinâmico da cárie, antes e durante o tratamento ortodôntico. Foram determinadas as 
concentrações de cálcio e fosfato, que são íons responsáveis pela supersaturação da saliva e que 
cooperam para inibir a desmineralização e melhorar a remineralização (Tenovuo, 1997; 
Featherstone, 2004), bem como a concentração de fluoreto, que é adsorvido pelo biofilme e 
contribui para o processo de remineralização dos dentes (Featherstone, 1999; Amaechi e van 
Loveren, 2013). Na presença de um desafio cariogênico constante, é possível que a queda 
freqüente do pH perturbe o equilíbrio desses íons na superfície do esmalte (Margolis e Moreno, 
1992; Tanaka e Margolis, 1999). Com relação à relevância desses íons salivares no 
desenvolvimento da cárie durante o tratamento ortodôntico, nossos dados demonstraram que a 
concentração de cálcio foi menor após 1 e 3 meses da adaptação dos dispositivos ortodônticos, 
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enquanto a concentração de fosfato inorgânico não se alterou durante os períodos de 
acompanhamento. 
É importante ressaltar que a primeira evidência clínica do aparecimento da lesão de cárie 
ativa foi observada 3 meses após a adaptação dos dispositivos ortodônticos, como demonstrado 
anteriormente pelo nosso grupo de estudos (Cardoso et al., 2017). Em concordância com esse 
achado, esta investigação apontou que a deficiência na concentração de cálcio pode ser 
considerada um fator de risco associado ao desenvolvimento da lesão de cárie ativa em 
indivíduos submetidos a tratamento ortodôntico fixo. Assim, os resultados do Capítulo 2 
enfatizam um possível efeito da concentração de íons cálcio no desenvolvimento da cárie e seu 
valor preditivo para a atividade de cárie em indivíduos submetidos a tratamento ortodôntico. 
Nesse contexto, propõe-se que a diminuição da concentração de cálcio na saliva durante os 
períodos de acompanhamento de 1 e 3 meses possa ser consequência da dinâmica de 
desmineralização e remineralização mais pronunciada em indivíduos com alto risco de 
desenvolvimento de cárie e com freqüentes flutuações de pH durante o dia (Larsen e Pearce, 
2003). 
Em relação aos níveis salivares de fluoreto, não foram encontradas diferenças 
significativas nos períodos avaliados. Isso pode ser considerado um paradoxo, principalmente 
porque a concentração salivar de fluoreto não mudou o suficiente para explicar o 
desenvolvimento da lesão de cárie ativa. Sabe-se que o fluoreto disponível na saliva pode ser 
adsorvido pelo biofilme, melhorando o processo de remineralização da superfície dentária 
(Featherstone, 1999; Amaechi e van Loveren, 2013). No entanto, nossas descobertas sugerem 
que o alto desafio cariogênico em torno dos dispositivos ortodônticos parece exigir mais 
fluoreto do que aquele fornecido pela água e pelo dentifrício de 1.100 ppm de F. De fato, fica 
evidenciado que o uso de métodos profissionais de fluoreto tópico supera os efeitos preventivos 
do uso único de dentifrício fluoretado por indivíduos que utilizam aparelho ortodôntico; no 
entanto, o nível de evidência referente às terapias profissionais com fluoreto contra a LCA é 
baixo (Benson et al., 2019).  
Os resultados encontrados no Capítulo 2 têm implicações clínicas, pois fornecem uma 
compreensão mais ampla sobre o comportamento dos eletrólitos salivares ao longo do tempo 
em uma amostra de indivíduos submetidos a tratamento ortodôntico. Além disso, esta pesquisa 
destaca o tratamento ortodôntico fixo como uma situação de alto risco para o desenvolvimento 
da cárie, bem como a eficácia limitada do efeito preventivo da remoção mecânica de biofilme 
e do uso diário de dentifrício fluoretado a 1.100 ppm e água fluoretada. Entretanto, são 
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necessários mais estudos clínicos para determinar a importância exata de íons salivares como 
F-, Ca2+ e Pi nas propriedades físico-químicas da saliva e, consequentemente, sua influência no 
desenvolvimento da lesão de cárie ativa em indivíduos submetidos a tratamento ortodôntico. 
Nos dois Capítulos desta tese, foram investigadas propriedades da saliva relacionadas à 
dinâmica do processo da cárie, bem como a atividade de cárie em indivíduos que foram 
submetidos a tratamento ortodôntico fixo. Os resultados encontrados evidenciam que mudanças 
ocorridas nas propriedades da saliva como presença de um biofilme menos visível, aumento do 
pH e aumento da atividade da alfa-amilase após remoção dos dispositivos ortodônticos podem 
ter favorecido a remineralização das lesões de cárie ativa. Além disso, o aumento da 
concentração salivar de Ca2+ pode ser considerado um fator protetor para o desenvolvimento 





















 A presença de um biofilme menos visível e mudanças ocorridas nas propriedades da 
saliva como aumento do pH e aumento da atividade da alfa-amilase após remoção dos 
dispositivos ortodônticos podem ter favorecido a remineralização das lesões de cárie 
ativa;  
 Os níveis de Ca2+ foram alterados durante o tratamento ortodôntico. Essas alterações 
foram mais pronunciadas quando a composição salivar de Ca2+ aos 6 meses foi 
comparada com a concentração desse eletrólito após 1 e 3 meses da colagem dos 
dispositivos ortodônticos;  
 O aumento de 1 µg/mL de Ca2+ diminuiu o risco de desenvolvimento de lesão de cárie 
ativa em 27%. Assim, um aumento da concentração salivar de Ca2+ pode ser 
considerado um fator protetor para o desenvolvimento da lesão de cárie ao longo do 
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Apêndice 1 – Diário de dieta 
 Faculdade de Odontologia de Piracicaba - Universidade Estadual de Campinas  
Departamento de Odontologia Infantil 
 
DIÁRIO DE DIETA 
Nº Voluntário:______   Coleta:______ 
Anotar todos os alimentos que você comer e beber durante três dias consecutivos (por exemplo: segunda, terça e 
quarta), inclusive balas e chicletes, especificando cada alimento ingerido (por exemplo: bala, suco de laranja sem 
açúcar, leite com Nescau®) OBS: Não preencher este diário de dieta nos finais de semana. 
1º DIA 







2 º DIA 




















Apêndice 2 – Avaliação da cárie de acordo com os critérios diagnósticos de Nyvad  
 Faculdade de Odontologia de Piracicaba - Universidade Estadual de Campinas  
Departamento de Odontologia Infantil 
 
CRITÉRIOS DIAGNÓSTICOS DE NYVAD 
Nº Voluntário:______   Coleta:______ 
0- Sadia 
1- Cárie ativa (superfície intacta) 
2- Cárie ativa (superfície descontínua) 
3- Cárie ativa (cavidade) 
4- Cárie inativa (superfície intacta) 
5- Cárie inativa (superfície descontínua) 
6- Cárie inativa (cavidade) 
7- Restaurada (superfície sadia) 
8- Restaurada + cárie ativa  
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Anexo 2 – Descrição dos critérios diagnósticos de cárie de Nyvad       
Pontuação Categoria Critérios 
 
   
0 Sadia Translucidez e textura normais do esmalte (leve coloração é permitida em 
fissuras sadias). 
1 Cárie ativa 
(superfície intacta)                    
A superfície do esmalte é esbranquiçada / amarelada, com perda de brilho; 
áspera quando a ponta da sonda exploradora é movida suavemente pela 
superfície; geralmente coberta por biofilme. Nenhuma perda de substância 
clinicamente detectável. Superfície lisa: lesão de cárie tipicamente localizada 
próxima à margem gengival. Fissura / cavidade: morfologia intacta da 
fissura; lesão que estende-se ao longo das paredes da fissura. 
2 Cárie ativa     
(superfície descontínua)                  
Mesmos critérios que a pontuação 1. Defeito superficial localizado apenas 
no esmalte (microcavidade). Nenhum esmalte amolecido detectável pela 
sonda exploradora. 
3 Cárie ativa 
(cavidade)                                 
Cavidade em esmalte / dentina facilmente visível a olho nu; superfície da 
cavidade é macia na sondagem suave. Pode ou não haver envolvimento 
pulpar. 
4 Cárie inativa   
(superfície intacta)                             
A superfície do esmalte é esbranquiçada, marrom ou preta. O esmalte pode 
brilhar e parecer duro; macio quando a ponta da sonda é movida suavemente 
pela superfície. Nenhuma perda de substância clinicamente detectável. 
Superfície lisa: lesão de cárie normalmente localizada a alguma distância da 
margem gengival. Fissura / cavidade: morfologia intacta da fissura; lesão que 
estende-se ao longo das paredes da fissura. 
5 Cárie inativa 
(superfície descontínua)                
Mesmos critérios da pontuação 4. Defeito superficial localizado apenas no 
esmalte (microcavidade). Nenhum esmalte amolecido detectável pela sonda 
exploradora. 
6 Cárie inativa 
(cavidade)                                          
Cavidade em esmalte / dentina facilmente visível a olho nu; superfície da 
cavidade pode estar brilhante e parecer dura ao sondar com uma pressão 
suave. Sem envolvimento pulpar. 
7 Restaurada  
(superfície sadia)  
 
8 Restaurada + cárie ativa       Lesão de cárie pode estar cavitada ou não cavitada. 
9 Restaurada + cárie inativa    Lesão de cárie pode estar cavitada ou não cavitada. 
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Figura 3- Exame clínico para determinação do índice de cárie de acordo com os critérios 









Figura 4- Coleta da saliva. 










































volume de saliva coletado  
tempo de coleta 
Fluxo salivar 
1 mL saliva 
10 µL de HCl a 0,25 M 
Incrementos  
Agitação em vortex  
pH 
pH x mmol HCl  
equação: CT=∆C/∆pH 
∆C – quantidade de HCl  
∆pH – variação do pH 
  
peagâmetro 
Medição do pH 



































A. Preparo das soluções 
• Tampão do gel de separação (Tris HCl/SDS pH 8,8) 
• Tampão do gel de largada (Tris HCl/SDS pH 6,8) 
• Tampão de corrida 
• Tampão da amostra 
• Solução de acrilamida a 30% e bisacrilamida a 0,8% 
• Solução de APS 
• Corante azul de bromotimol a 0,1% 
B. Preparo dos géis de corrida e de largada 
Remoção do pente Gel preparado 
C. Preparo das amostras 
Amostra  
saliva + tampão da amostra  
1h50min, 4 °C, 140 V 
D. Eletroforese 
Solução azul de 
bromotimol a 0,1% Gel com as amostras 







 Image J 
Atividade da AC VI (U) 
E. Revelação das bandas  
A. Preparo das amostras 
Kit Salimetrics®, diluição 1:200 
B. Leitura no espectrofotômetro 
Software GEN 5, 405 nm, atividade em U/mL 
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Figura 8- Metodologia de determinação das concentrações de F- (A), Ca2+ e Pi (B) na saliva. 
 
Espectrometria de emissão óptica com plasma 
acoplado indutivamente, [Ca 2+] e [Pi], μg/mL Método direto - Eletrodo íon seletivo, [F-], μg/mL 
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